Three different types of extracts of volatile isolates from aerial parts of Calepina irregularis (Asso) Thell. were investigated to uncover glucosinolates using indirect methods consisting of either non-enzymatic (thermal degradation) or enzymatic (with exogenous and endogenous myrosinase) hydrolysis, followed by GC-FID/MS analysis of the volatile isolates. The identification of volatile glucosinolate degradation products isolated from C. irregularis indirectly revealed the presence of seven glucosinolates, namely glucoiberverin, glucoiberin, glucocheirolin, glucolepidiin, sinigrin, glucoerucin and glucotropaeolin. Quantitatively the most important compound in the distillate (sample obtained by thermal degradation) was 3-(methylthio)propyl isothiocyanate (95.6%), the degradation product of glucoiberverin, which constituted almost the entire sample. Two isothiocyanates, 3-(methylthio)propyl isothiocyanate (57.8%) and 3-(methylsulfinyl)propyl isothiocyanate (16.7%), originating from degradation of glucoiberverin and glucoiberin, respectively, were the most abundant compounds identified in the hydrolysate (sample obtained by exogenous myrosinase hydrolysis). Some isothiocyanates, 3-(methylthio)propyl isothiocyanate and 3-(methylsulfinyl)propyl isothiocyanate, were present in almost the same percentages (41.0% and 40.0%, respectively), in the autolysate (endogenous myrosinase hydrolysis).
Glucosinolates are sulfur containing glycosides found mostly in Brassicaceous plants. They can be hydrolysed either enzymatically or non-enzymatically. Tissue damage brings the enzyme myrosinase into contact with glucosinolates, which are stored in tissue compartments that are physically separated from the compartments containing myrosinase, and hydrolysis, commonly called autolysis, occurs. Myrosinase activity results in the release of the glucose moiety to leave an unstable intermediate which spontaneosly rearranges to produce several products [2] . Which product is formed depends on the glucosinolate substrate and the reaction conditions (pH, presence of metallic ions or epithiospecifier protein) [2] [3] . Furthermore, glucosinolates can also be degraded thermally and chemically [4] . Degradation products include isothiocyanates, nitriles, thiocyanates, indoles and oxazolidinethiones. The isolation and purification of these hydrolysis products are of particular interest both for their potential use in organic synthesis and for their biological activities, especially their alleged anticarcinogenic properties. Glucosinolates and their breakdown products are of particular interest in food research. Namely, consumption of cruciferous vegetables has been associated with a reduced risk of cancer of the lung, stomach, breast, prostate, pancreas, colon and rectum, which has been attributed to its isothiocyanate contents [5] .
A review of the literature shows that C. irregularis is a poorly researched plant. The glucosinolates of the plant seeds of Yugoslavian origin were previously reported by Daxenbichler et al. [6] . They identified 3-(methylsulfinyl)propyl isothiocyanate (degradation product of glucoiberin) and 3-(methylsulfonyl)propyl isothiocyanate (degradation product of glucocheirolin) [6] .
However, as far as we know, there are no studies regarding the chemical composition of volatile compounds and glucosinolate profile of the whole plant (leaf, stem and seed), which was the subject of this research. In order to obtain a more complete insight into the composition and content of glucosinolates in the plant material and indirectly define the profile of these compounds, different methods of glucosinolate degradation (thermal degradation, endogenous and exogenous hydrolysis) were used along with different methods of isolation of the liberated volatile degradation products (distillation and extraction). This report presents the continuation of our research of glucosinolate degradation products and, indirectly, glucosinolates from Croatian wild-growing Brassicaceae plants [7] [8] [9] [10] .
Isolation of glucosinolate degradation products was performed by three methods: hydrodistillation, endogenous myrosinase hydrolysis and exogenous myrosinase hydrolysis. Hydrodistillation, performed in a Clevenger type apparatus, insures simultaneous glucosinolate degradation caused by high temperature (100˚C) and isolation of the liberated volatile compounds [3] [4] . Since some volatile and watersoluble glucosinolate degradation products cannot be isolated by hydrodistillation or are thermolabile and subsequently degrade into other volatiles, enzymatic hydrolysis was performed also. After endogenous and exogenous myrosinase hydrolysis of the plant material, the liberated compounds were extracted with dichloromethane. Using different isolation methods allows better conclusions about the glucosinolates present in the plant material.
In the distillate, eleven volatile compounds were identified, representing 98.6% of the total volatiles. Quantitatively the most important compound was 3-(methylthio)propyl isothiocyanate, known as iberverin (95.6%). Iberverin, as well as its corresponding NPC Natural Product Communications 2016 Vol. 11 No. 9 1329 -1332 nitrile, 4-(methylthio)butanenitrile (iberverin nitrile; 0.2%), originated from glucoiberverin degradation. Other glucosinolate degradation products, present in much smaller percentages (≤0.2%), were 4-(methylthio)butyl isothiocyanate (erucin; 0.2%), degradation product of glucoerucin, benzyl isothiocyanate (0.1%), degradation product of glucotropaeolin, and 3,4-epithiobutanenitrile (0.1%), degradation product of glucosinigrin.
Study of the dichloromethane extract obtained upon endogenous myrosinase hydrolysis enabled the identification of nine compounds, which represented 97.5% of the total volatiles present in the extract. The main compounds of the autolysate were 3-(methylthio)propyl isothiocyanate (iberverin; 41.0%), degradation product of glucoiberverin, and 3-(methylsulfinyl)propyl isothiocyanate (iberin; 40.0%), degradation product of glucoiberin ( Figure 1 ). Other identified compounds were ethyl isothiocyanate (5.7%), degradation product of glucolepidiin, 4-(methylthio)butanenitrile (iberverin nitrile; 0.8%), degradation product of glucoiberverin, 3-(methylsulfonyl)propyl isothiocyanate (cheirolin; 0.6%), degradation product of glucocheirolin and 3,4epithiobutanenitrile (0.4%), degradation product of glucosinigrin.
In the hydrolysate nine volatile compounds were identified, representing 99.9% of the total volatiles. The main glucosinolate degradation product identified among the volatiles isolated by extraction upon exogenous myrosinase hydrolysis was 3-(methylthio)propyl isothiocyanate (iberverin; 57.8%), degradation product of glucoiberverin. The corresponding nitrile, 4-(methylthio)butanenitrile (iberverin nitrile; 8.2%) was also found. Other, quantitatively important volatiles were 3-(methylsulfinyl)propyl isothiocyanate (iberin; 16.7%), degradation product of glucoiberin, and 3-(methylsulfonyl)propyl isothiocyanate (cheirolin; 7.9%), degradation product of glucocheirolin. It is interesting that degradation products of glucoiberin and glucocheirolin were not found in the distillate. The absence of 3-(methylsulfinyl)propyl isothiocyanate (iberin) in the distillate can be explained by its structural features. Iberin is a structural analog of 4-(methylsulfinyl)butyl isothiocyanate (sulforaphane), which is known to be thermolabile at high temperature, so it is possible that iberin is also thermolabile [11] [12] . Cheirolin, 3-(methylsulfonyl)propyl isothiocyanate, which is structurally very similar to iberin (difference is only in the degree of oxidation of the sulfur in the side chain), was not identified in the distillate either.
The investigated volatile isolates contained some volatile compounds without sulfur and/or nitrogen, but in much lower percentages. It is interesting to mention (E)-hex-2-enal and (E)-hex-3-en-1-ol, representatives of compounds known as «green notes», which were found only in volatile samples isolated from the fresh plant material.
GC-MS analysis of the isolated volatiles, regardless of degradation mode or isolation method, revealed mostly glucosinolate degradation products (96.2% of the distillate, 88.5% of the autolysate and 91.3% of the hydrolysate). The degradation product of glucoiberverin, 3-(methylthio)propyl isothiocyanate, is the main compound in all volatile samples. In volatile samples obtained by enzymatic hydrolysis, this isothiocyanate is followed by 3-(methylsulfinyl)propyl isothiocyanate, originated from glucoiberin, which is not found among the volatiles obtained by thermal degradation. So, the main glucosinolates of C. irregularis, identified by indirect methods, are glucoiberverin and glucoiberin. Furthermore, GC-MS analysis of the volatile isolates revealed the presence of some glucosinolate degradation products, either isothiocyanates or nitriles, besides the already mentioned ones, but in smaller quantities. Thus, seven glucosinolates, namely glucoiberverin, glucoiberin, glucocheirolin, glucolepidiin, sinigrin, glucoerucin and glucotropaeolin were identified in C. irregularis of Croatian origin.
Comparing our results with those of Daxenbichler et al., it is evident that they did not identify 3-(methylthio)propyl isothiocyanate in the plant seeds of Yugoslavian C. irregularis. They reported only the presence of 3-(methylsulfinyl)propyl isothiocyanate (degradation product of glucoiberin) and 3-(methylsulfonyl)propyl isothiocyanate (degradation product of glucocheirolin). Opposite to their results, 3-(methylthio)propyl isothiocyanate, the degradation product of glucoiberverin, was the most represented in all our samples, regardless of degradation mode. The divergency between results could be caused by different preparation of the volatile isolates. Besides, Daxenbichler et al. used only seeds, while the subject of our research was whole aerial parts of the plant. Variation in glucosinolate content and profiles from different tissues within one plant may reflect different control mechanisms operating on the glucosinolate biosynthetic pathway in different tissues or it may result from alterations in substrate (amino acid precursors) availability [13] . 
Experimental
Reagents: All the solvents employed were purchased from Fluka Chemie, Buchs, Switzerland, and thioglucosidase (myrosinase; 361 U/g) from Sinapis alba seed from Sigma-Aldrich Chemie GmbH, Steinheim, Germany.
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Plant material: Plants were collected near Split (Dalmatia County, Mediterranean region of Croatia) during flowering in spring 2014 from wild-growing populations which grow on the rocky slopes and cliffs along the coast (altitudes 30-50 m). Aerial parts of the plants (flowers and leaves with green fruits) were used. The botanical identity of the plant material was confirmed by a local botanist and the voucher specimens are deposited at the Department of Organic Chemistry, Faculty of Chemistry and Technology, Split, Croatia.
Isolation of volatiles
Hydrodistillation (thermal degradation): Volatiles were isolated from fresh plant material (200 g) by hydrodistillation in a Clevenger-type apparatus for 3 h using n-pentane for trapping. After hydrodistillation, the n-pentane extract was separated, and the condenser and inner tube of the Clevenger apparatus were washed with 5 mL of n-pentane two times. The combined extracts were dried over anhydrous sodium sulfate and concentrated by fractional distillation to a small volume (ca. 1 mL) [14] [15] . The concentrated distillate, stored at -18ºC, was used for further analysis.
Endogenous myrosinase hydrolysis (autolysis):
Fresh plant material (200 g) was chopped, mixed with 800 mL of water and allowed to autolyze at approximately 27ºC for 24 h. The water solution was extracted with dichloromethane (3 x 100 mL) and the layers separated by centrifugation at 3500 rpm. The dichloromethane extracts were pooled, dried over anhydrous sodium sulfate, concentrated to 10 mL in a rotary evaporator, and thereafter by careful fractional distillation to a final volume of ca. 1 mL [5] . The concentrated extract (autolysate) was stored at -18ºC until analysis.
Exogenous myrosinase hydrolysis:
Dried plant material (100 g) was chopped, put in boiled water (400 mL) and boiled for 5 min in order to inactivate plant enzymes and to extract the glucosinolates. The water extract was left to cool to room temperature, exogenous myrosinase (10 mg) was added and the mixture was left for 24 h. Extraction of the liberated volatile compounds was performed as described above. The concentrated extract (hydrolysate) was stored at -18ºC until analysis.
GC-FID/MS analysis:
GC-FID analyses were performed on an Agilent Technologies (Palo Alto, USA) gas chromatograph, model 7890A, equipped with a flame ionization detector and using a nonpolar HP-5MS column (5% diphenyl and 95% dimethylpolysiloxane, 30 m×0.25 mm i.d., film thickness 0.2 μm). GC conditions were as follows: oven temperature was programmed from 70ºC isothermal for 2 min, then increased to 200ºC at a rate of 3ºC/min and held isothermal for 20 min. Injected volume was 1 L and split ratio 1:50.
The GC-MS analyses were carried out on an Agilent Technologies GC-MS system (GC model 7890A with a mass selective detector model 5975C) using 2 columns with different polarity of stationary phases: polar HP-FFAP (polyethylene glycol-TPA modified; 50 m × 0.32 mm i.d., film thickness 0.52 μm) and non-polar HP-5MS column. GC operating conditions for the polar column were: oven temperature was kept at 70ºC for 3.5 min, then programmed to 180ºC at a rate of 4ºC/ min and held isothermal for 18 min. For the non-polar column GC operating conditions were as described above. Carrier gas was helium with a flow rate of 1 mL/min, injector temperature 250ºC, volume injected 1μL, and split ratio 1:50. MS conditions were: ionization voltage 70 eV, ion source temperature 280ºC, mass range 35-350 mass units.
Identification and quantitative determination of components:
The linear retention indices, i.e. retention times of compounds normalized to the retention times of adjacently eluting n-alkanes, for all the compounds were determined by co-injection of the sample with a solution containing a homologous series of C 8 -C 22 nalkanes. Compounds identification was accomplished by comparing their retention indices (RI) and mass spectra (MS) with those from our homemade library, as well as by comparing their mass spectra with those in the Wiley 275 and NIST02 library spectral databases or reported in the literature [10, [16] [17] [18] [19] . The percentage composition of the samples was computed from the GC peak areas without using correction factors.
